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SUMMARY

Inferences following from the assumption that dust particles of
interplanetary space are electrically charged, are discussed. It is shown
that in this case a natural explanation befits a series of observed regula-
rities in the zodiacal light, the gegenschein, the twilight zlow and in
noctilucent clouds. The possibility is shown of circumterrestrial dust cloud
replenishment by submicron dust, always "blown away" by the solar wind from
the lunar environment. The submicron particles are trapped by the geomagne-
tic field, forming the most stable component of the circumterrestrial dust
cloud.
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free interplanetary space they will be acted upon by the magnetic field of
the solar wind, and besides, near the Earth they will be subject to the
action of the Earth's magnetic field.

The electric potential of a dust particle is conditioned by its in-
teraction with electrons and iomns of interplanetary space and by the photo-
effect induced by the action of Sun's ultraviolet and X~ray radiation. The
auestion of body potential in interplanetary space was reviewed in the works
[1 — 8]. The possible values of potentials, found in these works, oscillate
from several tens of volt to several kilovolts. Without pausing at the con-
sideration of these works, we shall point out that it is iupossible, at pre-
sent, to derive a reliable conclusion on the magnitude of the potential of

a dust particle on the basis of theoretical considerations only, for the
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necessary data on physical properties of the surface of dust particles

and on density distribution of particle energy of the interplanetary plasma
are absent. Despite this, the possibility cannot be excluded that, under
specific conditions, the potential of dust particles may have a sufficiently
great value.

We shall demonstrate below that the assumption of dust particles
being electric charge carriers provides the possibility to explain some of
the observed regularitiles.

Assuming the interplanetary dust particles being charged allows us
to explain the gegenschein, or counterglow, by these particles' accumula-
tion in the region of the Earth's magnetohydrodynamic tail, considered theo-
retically by Piddington [9] and detected with the a2id of AES ImpI, or
Explorer~18 [10]. There exists in the Earth's magnetic tail a neutral zone,
dividing the field regions of opposite orientation, in which tiny dust par-
ticles may accumulate. Piddington assumed [9] that gas particles, trapped
in the neutral zone of the tail, may explain the counterglow. However, the
concept of Earth's gas tail is less acceptable than that of the dust tail.
First of all, the factsy, on the basis of which the assumption was made of
the e:ristence of Earth's gas tail, have at present dropped off, We have in
mind the Karimov's result (11] about the enhancement of night sky emission
lines in counterglow, which was refuted by the works of Pariyskiy and Gindi-
lis ([12], Weinberg [13], and others. Measurements of hydrogen emission inten-
sity in the line H, serve as a serious argument against the concept of
Earth's gas tail. As was shown by Fishkova [14] and Shcheglov[15] measure-
ments, an intensity minimum of hydrogen glow is observed in the counterglow
region, although according to Shcheglov data [15],the intensity distribution
of hydrogen emission in the zodiacal light region corresponds to intensity
distribution in the visible region of the continuous spectrum. As in the
case of zodiacal light, the explanation of couterglow by light scattering
in gases is met with the requirenent of having high gas concentrations on
account of the small effective scattering cross section of gas particles by
comparisggygtst particles, Thusy there is no basis to assume that the counter-
glow is explained by the Ecrth's gas tail and, consequently, the concept of

dust tail is more acceptable than the former.
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In the case, whereby the Earth's magnetic tail serves as a reservoir
for dust particle accumulation, these particles must also accumulate in the
magnetohydrodynamic tail of the Moon, recently discovered with the aid of
the Imp I satellite [16]. This aliows a natural explanation for the recently
revealed dependences of zodiacal light brightness and its axis' position
on the age of the Moon [17, 18], The influence of the Moon on the near-the-
Earth dust cloud is difficult to explain by the gravitational action only.
This influence is naturally explained if one assumes that in the Moon's
magnetic tail, which according to Ness [16] spreads at least over 150 lunar
radii, there exists an accumulation of dust particles, of whiech the concen-
tration is higher than in the remaining sublunar space.

In this case there is also a natural explanation for the dependence
of the twilight sky brightness on the age of the lioon, revealied in (19 =21].
As was pointed out in [21], the distribution of dust at heights of ~~200 km
above ground, where the events considered still observed, is not linked
with the density distribution of Earth atmbsphere gases. This is why the
dependence of twilight sky brightness (and consequently of dust concentra-
tion in the upper atmosphere) on the age of the Moon can not be explained
by lunar tides in the terrestrizl atmosphere. It may be connected with the
influence of Moon's dust tail. liote that the dust particles of Moon's tail
may also contribute substantially to the F-corona.

The existence of the magnetohvdrodynamic tail of the Moon assumes
that the Moon has a magnetic field, which, according to Vestine [22] and
Neugebauer [23], may be pressed by the solar wind to the lunar surface, or
even compressed under the surface, In this case the solar wind will "blow
away" the dust particles rising over it at meteorite impacts or for other
causes. Inasmuch as the particles of lunar surface may also have an electric
potentizl [6, 7], they must be carried by the magnetic field of the solar
wind, moving helicoidally =2long the lines of force. Thus, the Moon may be
a source of dust, moving from the Moon into interplanetary space under the

action of the magnetic field of the solar wind,

Je shall now examine which particles may be subject to the effective

action of magnetiec fields. According to Parker [24], particles of radius



a --=10-l+

tion from the side of the solar wind's magnetic field. Tor particles with

cm with a 10 v potential will be subject to considerable perturba-

a < 1.2+ 102 em the gravitational attraction of the Sun will be less than
the Lorentz force.

Let us consider at further length the correlations of gravitational,
light pressure and lorentz forces acting upon a particle of the near-Earth
dust cloud,

For the Lorentz force we have

F=—-vXE (1)

where A is the particle velocity of the relative field (in case of the Sun's
megnetic field this is the velocity of particles relative to solar wind);

q is the charge of the particle; ¢ is the speed of light ; B is the magnetic
induction, which in the given case is the equivalent intensity (see [25]).
Expressing the charge through the potential U and the radius a of the par-

ticle, assumed to be spherical (gq== alU /300), we obtain

Fe al
300c

7 X B. (2)

Here the potential is expressed in volts and B in gauss. Assuming that the
votential of the particle is, for instanece, 10 v, we shall obtain for the
module of the Lorentz force L, of solar wind's magnetic field (at the dis-

tance of 1 a.u, from the Sun)

Lo = 1.3:101° aU = 1.3-10%a. dynes; (3)

if we assume that B=3 . 10™2 gauss and VvV = L. 10|7 CM. sec-l (solar wind
velocity). Analogously, for the Lorente force of the geomarnetic field at
the distance { from the center of the Earth we shall obtain the value of
its module L § (the particle velocity is perpendicular to the direction of

the field):

L alv —B, =34 108aU = 3.4-10"a dynes (4)

5~ 300cA?

r -
Here we assumed for the velocity of particles 4 = 10° cn .sec 1
and for the marnetic moment of the Earth the value of 8,1 ¢ 1025gauss . cm3,

which gives By == 0,31 gauss ( O is expressed in Earth's radii),
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For the force of the gravitational attraction of the Sun Fo at the
distance of la,u. , for the gravitational attraction of the Earth FIS at
the distance of A terrestrial radii from the Earth's center and for the

gravitational attraction of the Moon at its surface Fg, we have

Fg = GI"_{O -é npad = 2, Spa" dynes (9)
GMs 4 pa®

Fg = A’ - mpa® = 44100 E A dynes (6)

Fe = Gr"’(’f 5 Tpa® = 6.9. 10%a® dynes Y

: q ’

Here § is the density of the dust particle in g cm"3; A in Tarth's radii,
a in em. The Sun's light pressure force upon a particle of acm radius,
situated at the distance of 1 a,u. from the Sun, is expressed by the dependence

fa? Q PSS I

Ro = = 1.5-104Q,.,, a* dynes )

[4
where the intensity of solar rad:.at:.on at the distance of 1 a,ue is I = l.4e 106

erg cm -2, sec"l. The value of the efficiency factor of light pressure Qpres

for totally reflecting particles may be borrowed from the work [26].

TABLE 1

For‘ce A('b) a={0-% ent a=10~% em a= {0~ e a=10-! cae

1 3.110°° | 3.1.10" | 3110 | 3. 1-107%

5 2.5:10%8 | 2.5:107 | 2.6.107 | 2.5.10-1

Ly 10 3.1-10-" 3.1-107" | 3.1.10° | 3.).10-®

50 2.5-10710 | 2.5:1077 | 2.5.1071 | 2.5.10-"

100 3.1-10°" | 3.1-107 | 3.1.10°"7 | 3.1.10~"

Ly 1 ac. 1.2:10*% | 1.2.10° | 1.2.10" | i.2.10-%
Rg lac | 7510 | 3810 | 16.10°" | 1.5.107

1 4.1-10-1'7’ 4.1:1079% | 4.1.10°% | 4.1.10~7

5 1.6-107" | 1.6.10°M 1.6.10-1 1.6-10-8

Fs 10 4.1-10" 4.1.10~15 4.1.10-3 | 4,1.10-
50 1.6-10°" | 1.6.10-18 1.6.103* | 1.6.10-10

100 4.1-107% | 4.1.10™V7 4.1.10-% | 4.{.10-n

10 -18

Fg ! ae. 2.5-10° 2.5.10 2.5.10~'* | 2.5-10-%

P |Sarfacces 1 6.9-10°7 | 6.9:.107 | 6.9-10™" | 6910 -2
the 1'Tooy an o A

Compared in Table 1 are the modules of the forces L, Le, Re, Fp, Fo
and F (4 conputed for particles of various dimensions, situated at various

distances A from the center of the Earth. The table is compiled for hollow




little spheres with mean density p = O.1 g-cm“B, charged to the 1l0v poten-

tial. The light pressure force R, is computed for dielectric particles with
an index of refraction m = oo.

As may be seen from Table 1,the Lorentz force of the geomagnetic
field near the ground is much greater than the Lorentz force of the solar
wind's field, For distances, A == 5 Ry these forces are comparable and at
further driving off the Earth the magnetic field of the solar wind becomes
prevailing., For particles with radii a = 10"6cm the Lorentz forces of the
two considered fields are substantially greater than the Sun's light pressure
force and the gravitational attractions of the Earth and of the Sun. For par=-
ticles of a = 107D cm size the Lorentz force of the solar wind has the order
of Sun's light pressure force. Near the Earth these forces are less than the
Earth's gravitational attraction, but they become equal to it already at a
distance of about SRE from the center of the Earth., At distances «5 R the
Lorentz force of the rmeomagnetic field exceeds the Larth'!s gravitational force.
Thus, for particles with a == 10-> criy, the electromagnetic forces have a sipgni-
ficant value at all distances from Earth.

The role of the magnetic field may also be estimated by way of compu-
tation of the magnetic hardness

muvc

R:"‘— =:.4_
3

"

npa’ve
al

2
-90 000 = 1.13-10*8%_” v.

For the geomagnetic effects of a moving particle to exist, its magne=-
tic hardness must be less than the threshold magnetic hardness, whieh is

6 «1030 v at the terrestrial surface. Assuming as earlier that
V= 106cm-sec"1, f=0.1lg em~> and U = 10 v,

we obtain a < 2 10"'5, which corresvonds to the conclusion dcrived on the
basis of data of Table 1.

Thus, subnicron particles with radii of 10'6 —_ 10"5 cra must be
subject to significant Lorentz forces, exceeding the light pressure force.
The magnetic fields of the solar wind and of the Earth will determine the
choracter of motion of these particles in internlanetary space. The calcula-
tions verformed confirm the possibility of existence of dust tails of the
Earth and of the Moon, consisting of submicron particles charged to 10 v

potential and having the average density of about 0.1 g;-cm‘3.
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Subnmicron particles of size 5 -10"6 — 5 10~2 crt were collected in
noctilucent clouds with the help of rockets [27, 28] and also in the 88 - 168km
altitude range with the aid of the "Venus flytrap" rocket [29]. snalysis of
twilight observations allowed us to conclude [30] that at height of the order
of 100 km above the Earth's surface there exists a tiny submicron dust, whose
concentration decreases with height substantially faster than the concentra-
tion of coarser particles detected with the help of pickups on satellites.,

This may be explained by the fact that the Earth's magnetic field, trapping
the charged submicron particles, prevents their fall on the Earth's surface.
Similarly to particles conditioning the aurorae, the submicron charged dust
particles will penetrate into the Earth's atmosphere substantially easier at
high geomagnetic latitudes than in the eguatorial region. This would also
explain the latitude dependence of the frequency of noectilucent eloud appear-
ance, possibility pointed at by Witt [31]. Note that submicron particles were
precisely the ones detected in noctilucent clouds; their size was 5 o« 10-6 —
S e l()'5 criy which inereases substantially the tangibleness of the assumption
made by us, Attention should also drawn in connection with the above to the
recently revealed dependence of the rate of dust accretion on the geomagnetic
latitude [32]. pointing to an increase in the rate of dust accumulation with

the rise of geomagnetic latitude.

t t i1ce was
obtained for coarse particles of the size 10'A'—- IO'Zcmq for which the magne-
tiec hardness was found to be above threshold., In the case whereby the depend-
ence revealed in [32] of the accretion rate on geomagnetic latitude is real,
there arises the problem of theoretical explanation of the possibility of high
potential's presence in particles with a.)>10'h'cm. On the other hand, this
dependence provides the possibility to assume that subnicron particles too nay

have hirh potentials.

Aside from the above~indicated regularities we should draw attention
on the correlation, revealed by Blackwell and Ingham [33], between the bright-
ness of zodiacal light and the perturbation of the magnetiec field after a solar
flare, and also on the brightness increase of counterglow in the period between
two polar aurorae revealed by Pariyskiy and Gindilis ({12].

‘'he consideration, brought up here, show that the assumption of the

fact that the dust particles of the near~Larth cloud carry along an electrical
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charge, is quite probable, inasmuch as it provides the possibility of explain-
ning a series of observed regularities and allows to interpret the presence
of submicron particles in the near-Earth dust cloud as a result of their
capture by the geomagnetic field.

xxkx% THE END #sxxxx
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